This paper considers how tax reductions financed by a carbon tax could be designed to mitigate the need for specific relief for firms in select energy-intensive, trade-exposed (EITE) sectors. In particular, I consider impacts on manufacturing sectors at the six-digit North American Industry Classification System level, with a special focus on firms that would be presumptively eligible for competitiveness relief using the criteria in the Waxman-Markey bill (H.R. 2454). The paper has a number of findings. First, determination of eligibility for relief analogous to the free allowance allocation in H.R. 2454 is sensitive to energy intensity. Second, providing compensation to EITE sectors through the corporate income tax-analogous to the output-based allowance allocation in Waxman-Markey-is certainly feasible, but tax appetite within the EITE sectors is insufficient to fully use any credits that attempted to offset more than about one-quarter of their carbon tax liability. Third, certain reforms do better than others at providing disproportionate relief to EITE sectors. Finally, economic theory predicts a substantial cost to diverting carbon tax revenue toward compensation of specific sectors. Theory also suggests that firms should treat policy risk no differently from the way they treat the other risks they face as they do business. But politics may dictate otherwise; if so, the analysis here suggests that certain approaches may work better than others to ensure that relief is appropriately targeted at minimal cost.
different forms of capital. It is natural to consider using the tax code in this context. Third, compensation through the tax code contributes to political coherence by involving tax-writing committees in the design of both a carbon tax and any compensation mechanisms needed to address concerns of EITE sectors.
The findings of this paper with respect to the use of a carbon tax in broader tax reform can be briefly summarized as follows.
 A carbon tax reform can achieve desired efficiency and distributional goals while addressing competitiveness concerns for EITE sectors in a variety of ways. Annual revenue from a carbon tax set in the range of $20 per ton would raise roughly $100 billion annually. This revenue provides considerable flexibility with which to achieve various fiscal goals and to address competitiveness concerns for EITE sectors. Measures to address competitiveness concerns can take the form of direct or indirect measures.
Direct measures include some form of compensation that is linked to actual emissions and carbon tax payments. Indirect measures include tax reductions financed by the carbon tax that, while broad-based, benefit EITE sectors. I focus on direct compensation in the form of a corporate income tax credit for some or all carbon tax payments by EITE firms. Indirect compensation includes broad-based payroll tax relief, capital investment incentives, and rate reductions in the corporate income and payroll taxes.
 Direct relief to EITE sectors can be justified based on distributional or political considerations but may work at cross purposes with economic efficiency considerations. Any funds used for direct compensation to affected sectors cannot be used to lower marginal tax rates on existing taxes. This reduces the potential efficiency gains in any tax reform that includes a carbon tax. Moreover, an efficiency argument can be made that compensation creates a moral hazard problem for firms if they do not efficiently self-insure against policy risk.
 Certain approaches to indirect compensation provide above-average benefits to EITE sectors and thus can be viewed as a form of compensation that mitigates the need for any direct compensation. EITE sectors are, on average, more capital intensive than manufacturing sectors, and they pay a higher proportion of income in corporate income taxes than other sectors. Thus, using carbon tax revenues to finance capital investment incentives or to reduce the corporate income tax rates disproportionately benefits EITE sectors, on average. This may reduce the political pressure to provide overt tax relief to EITE sectors if a carbon tax were put in place. Conversely, other approaches are less successful in this regard. Using a carbon tax to finance payroll tax reductions is less helpful to EITE sectors as these sectors are less labor intensive than manufacturing as a whole.
 Direct compensation through the corporate income tax is attractive on political grounds. The carbon tax liability for EITE sectors, however, exceeds the corporate tax liability, so tax appetite will be insufficient to fully offset the carbon tax liability through reductions in the corporate income tax. The ratio of carbon tax liability to corporate income tax payments for EITE sectors is, on average, 0.23. Thus, tax appetite would be insufficient to fully offset carbon tax liability in the EITE sectors, as was proposed in H.R. 2454. One could, however, provide a credit for the first 20 percent of emissions, for example, thereby providing lump-sum relief to firms while maintaining incentives to reduce emissions on the margin. This approach does not, however, address competitiveness concerns in the way that the output-based allowance allocation mechanism of H.R. 2454 would.
 Direct compensation can be designed to take into account limitations on tax appetite while also addressing competitiveness concerns and providing incentives to move toward best practices and technologies. A tax credit modeled on the output-based allowance allocation approach for EITE firms in H.R. 2454 could be designed; however, as noted above, it could not provide compensation for the full carbon tax liability given corporate income tax appetite within EITE sectors. Setting a firm-level credit at some benchmark for sector average emissions intensity (emissions per value of shipments) times the firm-level value of shipments would maintain the incentive at the margin to reduce emissions while also providing an indirect subsidy to output through the intensity mechanism. One attractive intensity benchmark would be a "best practices" benchmark, whereby a credit is provided for firm-level value of shipments times the sector-specific emissions intensity of the firms at the 90th percentile of emissions intensity efficiency. Firms are thus incentivized to make investments and improvements that move them toward the practices and investment levels of firms that are in the top 10 percent for low 2 More efficient firms have lower emissions intensity. So firms at or above the 90 th percentile of emissions intensity efficiency are in the lowest decile for emissions intensity. Put differently, firms at the 90 th percentile of efficiency outperform 90 percent of all firms in their sector in the sense of having lower emissions intensity. emissions per dollar of the value of shipments, a benchmark that is demonstrably achievable.
The next section of this paper provides an overview of the literature on industry impacts of carbon pricing and possible compensation mechanisms to address industry concerns. Section III details a number of possible tax-based compensation approaches that could be enacted and provides an initial assessment of their strengths and weaknesses. Section IV applies the criteria for compensation to EITE sectors using data for 2009 through 2011 to consider the sensitivity of the criteria to changing economic circumstances.
3 Section V provides an assessment of various tax reforms that explicitly or implicitly provide compensation to EITE sectors. Section VI provides some concluding thoughts.
II.Summary of Existing Literature
The literature on distributional impacts of carbon pricing has focused largely on impacts across income groups of households 4 and, to a lesser extent, on regional impacts. 5 The literature on impacts across industries is smaller. Bovenberg and Goulder (2001) tracked equity impacts of carbon policy on 12 industries using a computable general equilibrium (CGE) model of the US economy. They simulate a number of policies to return revenue from a $25-per-ton carbon tax, including ways to achieve equity-value neutrality such as industry-specific reductions in the corporate income tax rate, lump-sum transfers, grandfathered emissions permits, and inframarginal tax exemptions. An important finding in their analysis is that full rebating of carbon pricing revenue to industry sectors in general will lead to overcompensation due to the ability of firms to pass a considerable amount of the tax (or value of allowances) forward to consumers in the form of higher product prices. Sijm, Neuhoff, and Chen (2006) provide evidence for overcompensation to the electric power sector in Germany and the Netherlands in the E.U. Emissions Trading System (E.U.-ETS).
3 H.R. 2454 called for the US Environmental Protection Agency (EPA) administrator to make an initial determination of energy-intensive, trade-exposed (EITE) sector allowance eligibility in 2013, with subsequent updating every four years. Schneck, Murray, Mazurek, and Boyd (2009) discuss the treatment of the EITE industry in H.R. 2454 in greater detail. 4 A highly selective list includes Bull, Hassett, and Metcalf (1994); Metcalf (2007b); Hassett, Mathur, and Metcalf (2009); Rausch, Metcalf, Reilly, and Paltsev (2010) ; Burtraw, Walls, and Blonz (2011); Rausch, Metcalf, Reilly, and Paltsev (2011); Burtraw, Sweeney, and Walls (2009); Dinan and Rogers (2002); and Parry (2004) . 5 Papers that focus on regional impacts of carbon pricing include, among others, Bull et al. (1994) , Hassett et al. (2009 ), Rausch et al. (2011 ), and Burtraw et al. (2011 . Ho, Morgenstern, and Shih (2008) , who consider manufacturing at the two-and three- The study also highlights the highly skewed nature of emissions intensity for US manufacturing firms. The report documents that the average energy intensity of manufacturing is 2 percent, with roughly 90 percent of manufacturing produced by sectors with an energy intensity no greater than 10 percent. Presumptively eligible sectors are responsible for roughly half of manufacturing emissions and account for about 5 percent of manufacturing employment (0.5 percent of total nonfarm employment). A $20-per-ton carbon price would lead to a greenhouse gas (GHG) intensity measure (value of emissions per dollar of shipment) that is less than 5 percent for all but eight industry sectors. The impact is even lower if process emissions are excluded from the carbon tax. 6 Ederington, Levinson, and Minier (2005) , who consider the puzzle of why environmental regulatory stringency does not appear to affect trade flows in the aggregate, argue that aggregate-level analysis masks competitiveness impacts on geographically mobile industry sectors. They also find that polluting industries tend to be relatively immobile, thereby mitigating the impact of regulatory stringency. 7 Process emissions are nonenergy combustion-related emissions arising from production. The production of clinker, an essential component of cement, involves heating limestone and other ingredients; this leads to the direct release of carbon dioxide (CO 2 ) separate from the emissions associated with energy use in production. The U.N. Environment Programme (2010) reports that process emissions account for half of total emissions from the production of clinker.
The interagency report (EPA 2009) pricing. This makes international harmonized carbon pricing the benchmark counterfactual. They find that domestic supply falls by 3 to 4 percent for the most energy-intensive sectors, with the competitiveness effect responsible for roughly one-third of this fall. The remainder comes from declines in domestic demand as consumers of energy-intensive goods substitute into less energyintensive goods. The most significantly impacted industries (in terms of reduced domestic supply) are aluminum, cement, chemicals, paper, bulk glass, and iron and steel.
Adkins, Garbaccio, Ho, Moore, and Morgenstern (2012) consider a carbon tax ($15 per ton) over four time horizons. They use an input-output model for the very short and short run, and CGE models for the medium and long run. The very short-run time horizon has no price adjustment. The short-run horizon uses price elasticities to allow for demand to adjust. The medium run has input substitution, and the long run has capital mobility. In the short run, highly affected industries include some industries within the manufacturing sector -petroleum and coal products, chemicals, ferrous and nonferrous primary metals, textiles -and electric utilities, natural gas, and petroleum. The paper also shows that allowance allocations in H.R. 2454 significantly dampen the reductions in output for industries receiving subsidies.
In the empirical analysis below, I focus on those industries identified as being presumptively eligible for allowance rebates under H.R. 2454, using the methodology described in EPA (2009).
III. Compensation and the Tax Code

A. Is Compensation Desirable?
Before discussing specific compensation measures through the tax code, we need to consider three questions: (1) Is there sector-specific damage? (2) Do the benefits of compensation outweigh the costs? (3) Which groups specifically, within a sector, are harmed by carbon pricing? With respect to the first question, it may well be that manufacturing industries are not particularly affected given their ability to pass costs on to consumers in the form of higher energy prices. The Bovenberg and Goulder (2001) analysis of energy-producing sectors supports this argument in general. However, one might argue that the ability of trade-exposed sectors to raise prices is limited by competition with foreign competitors that are not subject to carbon pricing. In that case, targeting assistance to a small set of sectors based on EITE status might be supportable. Even so, one might still argue that carbon pricing expectations may already be factored into asset prices, in which case compensation may not go to capital owners who suffered losses (e.g., Aaron 1989) . In the presence of asset pricing effects, compensation designed to offset windfall losses may be poorly targeted, compensating the wrong group of capital owners. This assumes that capital owners bear the burden of carbon pricing. I return to this point in a moment.
Even in the presence of sector-specific damage, do the benefits of compensation outweigh the costs? While compensation may appear to be simply a lump-sum transfer giving rise to no efficiency losses, that view is incorrect for at least three reasons. First, compensation may undercut the carbon price signal for carbon-intensive industries and so raise the cost of achieving a given emissions reduction target. With careful design, this problem can be avoided.
Second, compensation reduces revenue that could be used for efficiency-enhancing tax reductions. This is the message of the "double dividend literature," which has extensively documented the efficiency costs of using environmental revenues to make lump-sum transfers rather than reducing existing distortionary taxes.
8 Third, Kaplow (1992) Consider energy suppliers. Fossil fuel producer prices will presumably fall in response to a carbon tax. Whether they fall significantly relative to the carbon content of fuels is another question. One would expect oil and natural gas prices to decline by a small share of the carbon tax per unit of oil or gas given the worldwide trade in oil and the increasing trade in natural gas.
The likeliest candidate for a significant reduction in price is coal. But even here, it is unlikely that mine-mouth coal prices will decline much. A US Energy Information Administration (2009, Figure 18 ) analysis of the economic impacts of H.R. 2454 projects that, while coal costs to electricity producers in 2020 will rise by $2.88 per million British thermal units, costs of coal itself (exclusive of carbon pricing) will fall by only $0.13. That is not surprising given the low degree of Hotelling rents in coal. So, while energy costs (exclusive of the tax) may fall a bit for firms, energy resource owners are unlikely to bear a significant portion of the tax. This leaves capital and labor to bear the burden.
In the long run, capital is unlikely to bear the burden of the tax given the ability of capital to flow from high to low taxed sectors in search of high rates of return. Any burden on capital is likely to be a burden on owners of old, as distinct from new, capital. 9 That implies two things.
First, any compensation should be limited in duration since old capital eventually is replaced by new capital. Second, impacts on old capital are pure windfall losses; any compensation provided, therefore, will not undo or offset any efficiency losses from the carbon tax. It may be desirable on political grounds to make such windfall compensations, but it should be clear that this is what is being done.
The burden of the tax could fall on labor employed in these sectors in the form of lower wages and/or job losses. This is more likely to the extent that workers in EITE sectors have sector-specific skills and/or have low geographic mobility. In the medium and long run, labor is likely to bear significantly more of the burden of the tax than capital will, given the high supply elasticity for new capital.
Summing up, economic theory suggests the following.
 Highly trade-sensitive sectors may be less able to pass carbon costs on to consumers through higher prices.
 Any argument for compensation follows more from distributional or political considerations than from economic efficiency factors.
 Capital and labor in EITE sectors are likely to bear the burden of the carbon tax. In the short run, old capital and labor may share the burden in some mix. Over time, the burden is likely to fall predominantly on labor.
 Any EITE-specific compensation mechanism should ensure that the compensation flows to the burdened factor(s).
B. Tax-Based Compensation
Given a decision to provide compensation to EITE sectors, it will be useful to consider certain features of tax design and reform to help guide thinking on this issue. First, a tax system is designed to contribute to multiple objectives. While the most important objective is to raise revenue, it also is used to effect income redistribution and to encourage (discourage) socially desirable (undesirable) behavior. Examples of the redistribution objective include the use of marginal tax rates that rise with income or sales tax rules that exempt from the tax necessities, such as food and energy consumption. Examples of social engineering include deductions for charitable contributions to support charitable activities and accelerated depreciation to encourage capital investment. These objectives can work at cross purposes, as is evident when one considers possible compensation for EITE sectors. Deductions and credits to support socially desirable behavior or redistribution erode the tax base and reduce revenue collections. Measures that encourage socially desirable aims, such as increased capital investment, may reduce the progressivity of the tax system.
As a corollary, efficient tax design generally calls for low tax rates applied to a broad tax base. The Tax Reform Act of 1986 is a good example of a reform built (albeit imperfectly) on this principle (McLure and Zodrow 1987) . Having a broad tax base allows the same amount of revenue to be collected by an income tax with lower tax rates. 10 In addition to reducing the deadweight loss of the tax system, lower tax rates reduce much of the economic imperative for tax shelter activity (Steuerle 1985) . This, in turn, contributes to administrative and compliance simplicity as well as perceived (if not actual) fairness in the tax code.
Another observation relates to the importance of the tax treatment of capital and the intense scrutiny this issue has received over time. This manifests itself in a number of ways.
First, one may ask whether capital income should be taxed at all. A long-standing debate over the merits of an income versus a consumption tax hinges on the tax treatment of capital income (see, for example, Bradford [1986] ). Second, the tax code often taxes various forms of capital differently. Tax depreciation schedules may differ among forms of capital. A major impetus in the Tax Reform Act of 1986 was to "level the playing field" across different forms of capital in the sense of equalizing the effective tax rate on capital (Auerbach 1987) . While leveling the playing field is attractive because it ensures that investment decisions are made on the basis of the highest private (and social) return on investment, differential taxation may be desirable on second-best grounds. The tax code, for example, allows for tax depreciation of renewable energy capital over a five-year period (Joint Committee on Taxation 2012). Supporters justify this tax provision by pointing to the failure to price GHG emissions.
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Finally, much of the economic literature on the theory of taxation presumes the design of tax systems de novo. Any changes to an existing tax system, however, brings with it windfall gains and losses as capital is valued, in part, on the basis of its current tax treatment. Tax reform, as opposed to tax design, brings with it significant political challenges as sectors of the economy that are adversely affected by the reform have strong incentives to organize to oppose the proposed reform. One could also ask a basic fairness question: Should firms be compensated for windfall losses arising from tax reform? 12 Feldstein (1976) argues that the presence of windfall gains and losses arising from tax reform provide a rationale for long phase-ins of new reforms.
This allows firms time to adjust to new rules and reduces windfall gains and losses. Phasing in reforms over a long period may be politically attractive but may not be desirable in the context of the need for strong, near-term climate action. 13 In this case, alternative ways of addressing potential adverse effects may be politically more appealing. In particular, the use of mechanisms to offset adverse effects, including compensation through the tax code, may be more politically attractive.
The use of the tax code to compensate EITE industries leads to a new set of design considerations. Compensation approaches differ among a number of dimensions, including the following.
 Degree of linkage to emissions:
Reductions in other taxes can be directly linked to emissions or to other tax-related characteristics of firms. If the latter, an important consideration will be the degree to which reductions in taxes are correlated with carbon tax liabilities of EITE sectors. Tax reductions that achieve some desirable policy goal while also providing compensation to EITE sectors may reduce the overall revenue diversion from a carbon tax required for enactment.
 Reductions to carbon tax or to income tax:
Compensation can be used to reduce carbon tax liability directly or to reduce income tax liability. Applying the credit against the corporate income tax creates "psychic" distance between the carbon tax and the credit. To the extent that different divisions within a firm take responsibility for monitoring carbon emissions and for computing income tax liability, managers focused on the carbon emissions may act more aggressively to reduce emissions. It also highlights the use of carbon taxes to lower corporate income taxes.
 Phase-out mechanism: Compensation could be permanent or phased out over time. An important role for compensation is to address locked-in investment and business 12 A corollary question is whether firms should be subject to taxation on windfall gains arising from tax reform if compensation is given to firms suffering windfall losses. Kaplow (1992) argues for symmetric treatment of windfall gains and losses. 13 Phase-ins can also distort investment decisions. Kaplow (1992) argues that direct compensation is generally less inefficient than phase-ins or grandfathering.
decisions made before a policy change. This suggests that phasing out the compensation over time is appropriate as it allows sectors to adjust to a price on emissions. Next, I consider these aspects of tax reform in the context of specific proposals to address competition issues. In particular, I focus on four approaches to providing compensation:
corporate tax rate reduction, payroll tax reduction, capital investment incentives, and a carbon tax credit (two variants considered). While some economists argue for the use of border tax adjustments as an efficient mechanism to reduce leakage (e.g., Borhinger, Carbone, and Rutherford 2012), border tax adjustments raise the level of legal and political complexity, creating barriers to this approach. 14 On the other hand, political optics may call for policies that apply to domestic and foreign producers equally. Border adjustments attempt to apply the carbon price to all goods consumed in the United States, regardless of their source of production. This satisfies a political imperative to apply the carbon price fairly across producers. Using tax reductions to address competitiveness ignores foreign production and focuses on addressing competitiveness concerns for especially trade-sensitive sectors. Each approach has trade-offs.
14 Cosbey, Droege, Fischer, Reinaud, Stephenson, Weischer, and Wooders (2012) consider in detail the political complexity of border tax adjustments for a carbon tax. Metcalf and Weisbach (2009) make the case for border adjustments on a limited number of items based on the carbon content of equivalent domestic products. Even if one limits border adjustments to a small set of commodities, this approach still is likely to be administratively challenging to implement in practice.
The options below range from targeted tax compensation for EITE sectors to broad-based tax reductions. If not specifically targeted to EITE sectors, the options provide compensation to the extent that firms in these sectors disproportionately benefit from the broad-based tax reductions.
Credit for Carbon Tax
EITE sector firms could be provided a credit for carbon taxes paid on a pro rata basis, with the credit rate declining over time. The credit could be taken against the carbon tax itself or against each firm's income tax. The pro rata rate might start at 100 percent, for example, and decline annually at some given rate until it is fully phased out.
The benefit of this approach is that it is simple and transparent. Its disadvantage, however, is that it weakens (if not eliminates) the price signal of the carbon tax. In effect, full crediting is equivalent to exempting EITE sectors from the carbon tax. An improvement on a straight credit for the carbon tax would be to put a ceiling on the credit that falls toward zero over time as compensation is phased out. This approach, which is economically equivalent to a free distribution of a share of allowances to a firm, provides a lump-sum transfer while preserving the marginal price on emissions.
The credit could take the form of a credit for carbon taxes paid or could be structured as an output-based tax credit to mimic the allowance allocation for EITE sector firms in H.R. 2454.
In this latter form, EITE firms could receive a tax credit based on a measure of historic output at the firm level times sector-specific average emissions per unit of output. The output-based credit approach simply substitutes a distribution of allowances to firms with a tax credit. In both cases, the aggregate cap could be phased out by lowering the cap over a specified time period.
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In effect, tying credits to historic average output provides a subsidy to production that serves to offset the increased cost of the carbon tax and thus addresses competitiveness concerns.
The drawback, of course, is that the price signal to domestic consumers that encourages them to shift away from carbon-intensive products is also dampened.
A variant of the output-based credit linked to sector average emissions is to provide a credit for emissions linked to sector-specific best practices. Here, EITE firms in a sector receive 15 H.R. 2454 provides a schedule of output-based allowances between 2012 and 2025. Beyond 2025, rebated allowances to EITE firms would be based on presidential determination of the timing of the phase-out of rebates.
a credit equal to the emissions intensity level of the firm in the 90th percentile (for example) of efficiency in emissions intensity times the firm's output. To illustrate, if the average emissions intensity in a sector is 0.015, while the 90th percentile of emissions intensity is 0.011, then each firm would receive a credit equal to the carbon tax rate times 0.011 times the firm's output. As with the credit tied to average sector emissions intensity, firms receive a larger tax credit as output rises, thereby helping to address competitiveness concerns. Setting the credit on the basis of sector-specific best practices reduces the revenue loss and can be motivated by the reasonable desire to incentivize firms within a sector to adopt best practices and technologies that reduce emissions intensity toward a target that is demonstrably attainable.
Differences between the two broad approaches (simple credit and output-based credit)
arise at the firm level within sectors. Given my focus at the sector level, these two approaches are indistinguishable, and I discuss the two variants together below.
Payroll Tax Reduction
Using carbon tax revenues to reduce payroll taxes contributes to mitigating the regressivity of carbon taxes (see Metcalf 2007b) while benefiting EITE firms that are relatively labor intensive. Metcalf (2007b) considers an environmental earned income tax credit equal to the employer and employee payroll taxes on earnings subject to a cap. Payroll tax reductions could be provided to all firms or only to firms in EITE industries.
This approach is attractive because it links the carbon tax to employment-creating opportunities. Whether general payroll tax reduction is effective at providing support to EITE sectors depends on the labor intensity of EITE sectors relative to that of manufacturing as a whole. Alternatively, payroll tax reduction could be targeted to EITE sectors only. This would reduce the overall cost while clearly targeting compensation to EITE sectors; however, it may run afoul of fairness considerations if it results in a sharp delineation between sectors that receive compensation and those that don't based on very small differences in, say, energy intensity.
Capital Investment Incentives
Rather than lowering payroll taxes, carbon tax revenue could be used to lower taxes on capital income (or otherwise reduce the effective tax rate on capital). In addition to (or in place of) lowering the corporate tax rate (discussed below), carbon tax revenue could be used to fund an investment tax credit (ITC) for new capital investment or provide accelerated depreciation (including the possibility of expensing) for new capital investment.
As with a payroll tax reduction, special incentives for capital investment could be provided to all firms or only to firms in EITE sectors. This approach supports capital investment and economic growth and could contribute to broader bipartisan support for a carbon tax.
Whether it provides compensation tied to EITE status is an empirical question that I examine below.
Corporate Income Tax Rate Reduction
The final approach that I consider uses carbon tax revenue to lower the corporate tax rate.
Compensation to EITE firms then hinges on the degree to which tax reductions benefit EITE firms. 16 As with other options, corporate rate reduction could be provided to all firms or only to firms in EITE industries. The latter, while sharper in its targeting of benefits, creates some administrative and compliance complexity by creating opportunities for arbitrage between highand low-rate corporate entities. I focus here on using a carbon tax to finance broad-based corporate tax reduction.
As with initiatives to stimulate capital investment, linking the carbon tax to corporate tax reduction could have bipartisan appeal. It is also efficiency enhancing. The swap, however, may be too diffuse a policy initiative to provide sufficient compensation to EITE sectors. It would also be a regressive reform.
IV. Identifying Energy-Intensive, Trade-Exposed Sectors
Before turning to an analysis of various tax swap options, I identify EITE sectors for which the tax swap is designed to provide compensation. I consider a carbon tax, set at a rate of $20 per ton, on energy-related carbon dioxide (CO 2 ) emissions. Carbone, Morgenstern, and Williams (2012) estimate that a $20-per-ton carbon tax would raise a little over $100 billion annually. This is consistent with other estimates in the literature. 16 An alternative approach not analyzed in this paper would be to use carbon tax revenue to finance integration of the corporate and personal income tax, as analyzed, for example, by Metcalf (2007a) .
reductions on the order of 5 percent yields revenue of $100 billion. 17 This is gross revenue from which reductions in tax revenue arising from the imposition of the carbon tax would need to be subtracted since the carbon tax would be a cost of business to firms and would, therefore, affect taxable income. This carbon tax offset reduces the revenue that can be used for other purposes, including tax reduction. The simplest way to think about the offset is to imagine perfectly inelastic supply so that firms are unable to pass the tax along to consumers in the form of higher prices. In that case, corporate revenues are unchanged by the tax, and taxable income falls by the full amount of the carbon tax, thereby lowering the corporate income tax by 35 percent of the carbon tax revenue. 18 I incorporate an offset in each of the scenarios analyzed below.
As a first step in the analysis, I revisit the selection of presumptively eligible sectors at the six-digit NAICS level using the criteria set forth in H.R. 2454 (see Schneck, Murray, Mazurek, and Boyd 2009) for a discussion of these criteria). 19 Sectors are presumptively eligible if they satisfy one of the following four criteria:
 energy intensity is 5 percent or greater, and trade intensity is 15 percent or greater  GHG intensity is 5 percent or greater, and trade intensity is 15 percent or greater  energy intensity is 20 percent or greater  GHG intensity is 20 percent or greater Here, energy intensity is defined as the ratio of expenditures on purchased fuels and electricity to the value of shipments; trade intensity is defined as the ratio of the sum of imports and exports to the sum of the value of shipments and imports; and GHG intensity is defined as 17 Reductions would grow over time. Rausch and Reilly (2012) estimate that a $20-per-ton carbon tax implemented in 2013 with a rate growing at 4 percent per year would lead to a 14 percent reduction in emissions relative to 2006 by 2020. Given the 6 percent reduction in emissions between 2006 and 2010, the reduction would be more on the order of 8 percent relative to 2010. Note, though, that the tax could be applied to more than energy-related CO 2 emissions, thereby raising more revenue. 18 As explained by the Congressional Budget Office (CBO 2009), the situation is slightly more complicated as the analysis needs to account for the possibility that the carbon tax may be passed forward to consumers in the form of higher prices or back to workers in the form of lower wages. But following the CBO approach, consumer purchasing power falls by the amount of tax they pay, thereby lowering business tax revenues by the full amount of the carbon tax (accounting for tax paid by firms and by consumers). Table 3 .4].) So, presumably, the fall in energy intensity among formerly presumptively eligible sectors follows from an improvement in energy efficiency in these sectors.
These results suggest some sensitivity of eligibility to the cut-off for energy intensity.
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The previously eligible sectors that now fall below the 5 percent energy intensity threshold account for 4 percent of the total value of manufacturing shipments and 8 percent of industrial GHG emissions. Although some changes occur in the set of presumptively eligible sectors, the failure to include process emissions in the calculation of GHG intensity does not affect the results. Only one sector (lime manufacturing) has a GHG intensity in excess of 20 percent due to process emissions. This sector continues to be presumptively eligible since its energy intensity exceeds 20 percent. 20 If updating of EITE eligibility were to take place as envisioned in H.R. 2454, sectors run the risk of abrupt policy change if they switch in or out of EITE status. Notes: Bold-faced entries denote the intensity measure whose change led to the change in presumptive eligibility based on the criteria of H.R. 2454. EPA (2010) notes that sector 322130 (paperboard mills) has a trade intensity of 0.8 percent before adjusting the measure for a BEA classification change to the trade data to go into effect in 2009, and a trade intensity of 25 percent after the change. Using more recent data, the trade intensity is 1 percent. I assume this sector continues to be presumptively eligible in the later data, even though the trade intensity measure is below the threshold.
Source: Author's calculations as described in text. Figure 1 shows the distribution of energy intensity of the US manufacturing sector graphed against the value of manufacturing shipments. The distribution of energy intensity across firms by value of shipments is very similar to the distribution using 2007 data, with over 90 percent of the value of manufacturing shipments coming from firms with an energy intensity below 5 percent. A similar result holds for employment. Figure 2 illustrates that well over 90 percent of manufacturing employment comes from firms with energy intensity below 5 percent.
A similar result holds for tax payments (Figure 3 ).
Results are even more pronounced for GHG intensity (Figure 4 ). Now roughly 99 percent of the value of shipments comes from firms with GHG intensity below 5 percent. A similar result holds for GHG intensity graphed against cumulative employment and tax payments. 
V. Assessment of Tax Reform Options
Before turning to specific tax-based options to address competitiveness issues for the EITE sectors, I report some aggregate statistics to set the stage. Table 2 shows means, standard deviations, and ranges for some key indicators for the 472 manufacturing sectors and the 34 presumptively eligible EITE sectors identified in the previous section.
Not surprisingly, energy costs as a share of the value of shipments are higher, on average, for the EITE sectors than for manufacturing. These sectors are also more capital intensive, especially in machinery and equipment. The share of labor in the value of shipments is lower, as is the number of employees per $1,000 of value of shipments for EITE sectors relative to manufacturing. On average, the EITE sectors pay lower taxes relative to the value of shipments than manufacturing, which is not surprising given the higher energy costs and depreciation costs for these sectors. At a first glance, the summary statistics in Table 2 suggest that using carbon tax proceeds to reduce, in some fashion, taxes on corporate capital income will disproportionately benefit EITE sectors given their relative capital intensity. Conversely, using proceeds to reduce payroll taxes will not be as effective in benefiting these sectors. In the analysis below, I focus on corporate tax payments and deductions. Businesses can organize as corporations (either C or S corporations), partnerships, or sole proprietorships. As Table 3 shows, while corporations in 2008 were responsible for only 41 percent of manufacturing business tax returns filed in the United States, they were responsible for 88 percent of receipts and 91 percent of net income among manufacturing businesses.
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21 A cursory review of partnership returns data suggests that the corporate share of receipts and net income is even higher if one focuses attention on EITE sectors. 22 All but one of the analyzed uses of carbon taxes to compensate EITE sectors benefit C and S corporations equally. Reducing the corporate income tax rate benefits only C corporations (and S corporations with some C corporation income). 
A. Crediting Mechanism for Carbon Tax
My first approach to addressing competitiveness concerns for EITE sectors is to provide some form of carbon tax credit on the corporate income tax. This is analogous, after a fashion, to the free permit allocation process in H.R. 2454. As discussed above, I consider a simple credit for the carbon tax on the corporate income tax as well as an output-based tax credit. At the sector level, the two approaches have the same impact (to a first-order approximation), so I discuss them together. 24 While similar in many dimensions (including revenue loss), they differ in In either approach, firms would be allowed to take a tax credit for carbon taxes paid by the firm on the corporate income tax in lieu of a deduction. Based on average emissions for 2009 through 2011, carbon tax revenue from EITE sectors in 2010 would be $8.5 billion. 25 The first important point to make about this proposed compensation approach is that firms in EITE sectors have insufficient tax appetite to fully use the credit. The average ratio of income tax after credits to carbon tax for the EITE sectors is 0.23 (weighted by carbon tax liability), with an interquartile range of 0.16 to 0.24. General tax practice is to allow firms to carry forward excess credits. 26 Of course, the credit could be applied against the carbon tax itself. But if the intent is to link the carbon tax to corporate income taxes in some fashion, then this direct compensation approach cannot fully offset carbon tax payments for EITE sectors.
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As noted above, simply crediting carbon taxes on the corporate income tax does not address the competitiveness issue in the sense of lowering the marginal cost of production. By 25 Note that the share of carbon revenue required to compensate EITE sectors is considerably below that projected in H.R. 2454 (~15 percent). This reflects the decrease in emissions arising from both lower economic output and reductions in emissions intensity. 26 Tax credits included in the general business credit may be carried back 1 year and forward for up to 20 years.
tying the allowance allocation to output, H.R. 2454 would effectively lower the cost of production and so allow firms to offset some of the upward price pressure created by the carbon pricing. 28 In addition, firms that could reduce their emissions per unit of output below the sector average would not be penalized by receiving fewer allowances despite their reduced emissions.
In principle, providing tax credits analogous to the output-based allowance allocation for firms in EITE sectors is an appealing way of addressing trade competitiveness issues. It avoids many of the problems that border tax adjustments would have to confront, including possible noncompliance with the World Trade Organization. With appropriate design, it could serve as an output subsidy that would allow (before-tax) prices to rise, thereby avoiding some of the burden on capital and labor while still maintaining firm-level incentives to reduce their emissions intensity. The lack of sufficient tax liability among EITE sectors can be addressed by the use of a best practices crediting mechanism. As discussed above, a firm could be provided a tax credit for carbon tax payments equal to its output times the emissions intensity of firms that have an emissions intensity at a designated high level of efficiency (e.g., the 90th percentile).
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B. Payroll Tax Reduction
A second option for returning carbon tax revenue is through a general reduction in the payroll tax rate. As a rough guide to how much the payroll tax could be reduced, revenue neutrality in the tax swap requires that changes in corporate income tax and payroll tax revenue be offset by carbon tax revenue:
where t c is the corporate tax rate, t p is the employer payroll tax rate, R c is net corporate taxable income (excluding tax-inclusive payroll and the carbon tax), w c is corporate wages, w nc is other wages in the payroll tax base, and CT is the carbon tax. Payroll tax revenue is doubled to reflect the employee portion of the payroll tax, which equals the employer portion. 30 A superscript 0 28 Providing what is, in effect, an output subsidy to energy-intensive firms seems perverse given the desire to reduce emissions. But in the second-best policy world, where global carbon pricing is not possible, this approach could be viewed as a reasonable compromise position. For a clear analysis of the political and economic trade-offs, see Stavins (2009) . 29 Firm-level emissions and value of shipment data would be required to estimate the cost of this approach for different cut-off percentiles. 30 I ignore payroll tax contributions by the self-employed in this calculation.
indicates values prior to imposition of the carbon tax, and 1 indicates values after imposition.
Taxes on labor income are generally viewed as borne entirely by labor (consistent with a labor supply elasticity of zero). Under this assumption, any reduction in payroll tax rates is offset by increases in wages so that workers fully benefit from the reduction in the payroll tax. Firms meanwhile see their tax-inclusive payroll unaffected by the tax change. This assumption implies
and the change in employer payroll tax revenue is
Simplifying equation (1) above and accounting for the fact that the tax-inclusive wage is unchanged, I get
With a corporate tax rate of 35 percent and a payroll tax base in 2010 of $4,860 billion, this suggests that the payroll tax rate can be reduced by 0.72 percentage points. 31 The percentage increase in tax-exclusive wages paid by firms follows from equation (2) and equals dt/(1+t), or 0.67 percentage points. 31 The payroll tax base is computed as employer and employee Old-Age, Survivors, and Disability Insurance (OASDI) tax revenue in 2010 divided by the employer and employee OASDI tax rate of 0.124. This accounts for the fact that only wages up to $106,800 are subject to the tax in 2010. Table 4 provides some statistics for manufacturing sectors as a whole and for the EITE sectors. The change in wages is slightly lower for EITE sectors than for manufacturing as a group (whether in dollar terms or as a share of the value of shipments). But the significantly higher carbon tax for EITE sectors, on average, means that the benefit to workers in higher wages is more than offset by the carbon tax. For every incremental dollar of carbon tax, wages go up by 28¢ for manufacturing overall but by only 5¢ for EITE sectors.
While these are rough calculations, they suggest that using carbon tax revenue to lower payroll taxes will not provide disproportionate benefits for EITE sectors. The benefits of payroll tax reductions are spread over all workers, not just workers in EITE sectors. Workers in other sectors, where the carbon tax can be passed forward in the form of higher prices, would actually benefit. 32 Thus, we cannot expect such a tax swap to blunt demands for compensation to EITE sectors to address competitiveness issues. One may find other good reasons to support such a tax swap; addressing competitiveness is simply not one of those reasons.
C. Capital Investment Incentives
A third option for recycling some of the revenue from a carbon tax would be to finance Another issue is that ITCs serve as a subsidy to new capital and a tax on old capital (see, for example, Kotlikoff [1983] ). Above, I argue that any burden of a carbon tax on the sources of the income side in EITE sectors is likely to fall on old capital and labor. To the extent that the tax falls on old capital, investment incentives are poorly targeted and would lead to complicated redistributions across sectors based on the carbon intensity of sectors and the importance of old capital in their capital stock. 33 The ASM data do not distinguish between capital expenditures on new and used capital. Limits would need to be set on the use of an investment tax credit (ITC) for used capital to ensure that multiple credits are not taken on the same capital. Note also that the tax code prior to 1986 adjusted the tax basis of an asset for which an ITC was taken.
For capital on which a 10 percent ITC was taken, depreciation was allowed on 95 percent of the capital cost. 
D. Corporate Income Tax Rate Reduction
The final scenario to consider is the use of carbon tax revenue to reduce corporate income tax rates. As noted by Marron and Toder (2013) , both presidential candidates in the 2012 election called for reducing the top corporate tax rate. I assume that all of the tax (net of tax offsets) is used to finance a corporate tax cut. 34 How much can the top corporate income tax rate be reduced with $100 billion? Carbone et al. (2012) estimate that a $20-per-ton carbon tax can finance a 4.4 percentage point reduction in the "tax on capital." Based on 2010 IRS data, a backof-the-envelope calculation suggests that one could lower the corporate income tax rate by between 7 and 8 percentage points. If Y 0 is corporate taxable income prior to implementation of the carbon tax, and τ 0 is the corporate tax rate, then the corporate tax rate can be lowered to the rate τ 1 given by the relationship
where CT is the carbon tax revenue. Manipulating this equation gives the reduction in corporate tax rate possible if all carbon tax revenue is used to lower corporate income tax rate:
Corporate income subject to tax in 2010 was $1,022 billion. A $100 billion carbon tax would thus allow a reduction in the corporate income tax rate of 7.0 percentage points.
This calculation assumes that taxable income is unaffected by the carbon tax. Recent research suggests that corporate taxable income may respond to changes in the tax rate. Using US corporate data, Gruber and Rauh (2007) estimate the elasticity of corporate income with respect to 1 minus the tax rate ( ) to be 0.20.
Allowing corporate taxable income to adjust to changes in the tax rate means that the corporate tax rate can change to rate τ 1 such that
Applying Gruber and Rauh's elasticity of corporate income, I calculate that a 7.9 percentage point reduction is feasible if carbon tax revenue is used to lower the corporate income tax. Corporate taxable income increases by 3 percent in response to the lower corporate tax rate.
While these are back-of-the-envelope calculations, it is useful to compare them to the modeling results of Carbone et al. (2012) . These authors model the use of carbon tax revenues to reduce taxes on all capital income, not just corporate capital income. Net income for all nonfarm businesses in 2008 (the latest year for which data are available) equaled $1,784 billion, of which net income subject to the corporate income tax accounted for 42 percent. The rest is income earned by S corporations, partnerships, and nonfarm sole proprietorships. Thus, a tax rate reduction of 7.9 percentage points on corporate income would correspond to a 3.3 percentage point drop in the taxation of all capital (7.9*0.42).
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35 Newer modeling by Burtraw, Carbone, Morgenstern, and Williams reported at an RFF event on June 25, 2013, suggests that the carbon tax could fund a 3.5 percentage point drop in capital income taxation. 36 My back-of-the-envelope calculation is consistent with the CBO modeling results discussed by Marron and Toder (2013) suggesting that a $1.2 trillion carbon tax over 10 years could pay for reducing the corporate tax rate by 10 percentage points.
Assuming a 3 percent change in corporate taxable income in response to the tax cut, I use equation (8) to construct a back-of-the-envelope calculation of the change in tax liability for each manufacturing sector following a tax reform in which the corporate income tax cut is financed by the carbon tax.
37 Table 6 reports results for manufacturing and EITE sectors.
On average, manufacturing sectors pay $78 million less in corporate income tax following the reform. EITE sectors see their corporate taxes fall by about $70 million, on average. As a share of income subject to tax, EITE sectors gain significantly more with a reduction, on average, of 22 percent compared to 8 percent for manufacturing overall.
Manufacturing as a whole pays $11.2 billion less in taxes as a result of a carbon tax reform that is used to finance a reduction in the corporate income tax. This represents 17.3 percent of total corporate tax after credits for manufacturing in 2010. Finally, to the extent that the carbon tax burden on EITE sectors falls on capital and labor in these sectors, the corporate tax rate reduction aligns the benefits of reform to the burdened EITE factors of production. 38 37 The change in tax is computed as the new tax rate applied to income subject to tax times 1.03 less the carbon tax minus 0.35 times income subject to tax. The latter is very close to reported total tax before credits. The carbon tax cannot drive taxable income below zero. This calculation ignores changes in tax credits or the ability to use tax credits in the current year. 38 The U.S. Department of the Treasury tax model assumes that 82 percent of the corporate income tax burden is borne by capital and the remainder by labor. See Cronin, Lin, Power, and Cooper (2013) . 
VI. Conclusion
Incorporating a carbon tax as an element of a broad-based tax reform initiative is highly attractive. It provides revenue to overcome obstacles to a negotiated outcome in Congress, and including it as part of a larger tax reform effort shifts the equity question away from the distributional consequences of the carbon tax in isolation toward the desired distributional impacts of the overall tax system. What matters in the end is not the distributional impact of individual tax components, but rather the distributional impact of the tax system in its entirety.
Including a carbon tax in overall tax reform means that the carbon tax could substitute for increases in existing distortionary taxes and contribute to the overall efficiency of the tax system. This paper has focused on whether reforms in the tax system could mitigate the need for specific relief for firms in select EITE sectors. To address that question, I have applied the criteria for presumptive eligibility for relief afforded to EITE sectors, as specified in the Waxman-Markey cap-and-trade bill using more recent energy and trade flow data. My first finding is that determination of eligibility for relief analogous to the free allowance allocation in H.R. 2454 is sensitive to energy intensity at the six-digit NAICS level. A number of sectors are very close to the 5 percent threshold, and periodic review (four years in H.R. 2454) could lead to sectors shifting in and out of eligibility for compensation.
I then considered carbon tax liabilities for sectors based on average 2009-2011 energyrelated CO 2 emissions relative to corporate tax liabilities under several reform possibilities. I find that providing compensation to EITE sectors-analogous to the output-based allowance allocation in Waxman-Markey through the corporate income tax-is certainly feasible, but tax appetite within the EITE sectors is insufficient to fully use any credits meant to offset more than about one-quarter of the carbon tax liability of firms in EITE sectors. This stands in contrast to the apparent intent in Waxman-Markey to provide allowances roughly equal in magnitude to their emissions in the run-up to the implementation of cap and trade. The broader point is that none of the tax reforms I consider provide anywhere near full compensation to EITE sectors in the sense of providing tax relief equal to their carbon tax liability.
It is the case, however, that this approach could be crafted to benefit EITE sectors in a very targeted way without reducing the price incentive to firms to reduce emissions. Providing a capped credit for the first 20 percent of emissions to firms in EITE sectors, for example, provides targeted lump-sum relief while maintaining the carbon price signal at the margin. Maintaining the carbon price signal while also addressing competitiveness concerns would be a "best practices" credit approach, through which firms are provided a credit equal to the 90th percentile of emissions intensity efficiency in the sector times the firm's output. Such a credit reduces the revenue loss, thereby freeing up revenue for other tax reductions, and incentivizes practices and investments to achieve lower emissions intensity in ways that are demonstrably achievable given that the best 10 percent of firms in the sector are operating at or below that intensity level.
A third finding of this paper is that certain reforms do better than others at providing disproportionate relief to EITE sectors. Using carbon tax revenue to lower the top corporate income tax rate disproportionately benefits EITE sectors in the sense of lowering EITE sector firms' corporate tax liability as a percentage of income subject to tax over twice as much as it does for manufacturing sectors, on average. And within those sectors, it benefits capital owners and labor, the factors bearing the carbon tax burden within EITE sectors. Using carbon taxes to reduce corporate tax rates would allow for a significant reduction in the tax rate on corporate income. Payroll tax relief is less effective at providing disproportionate benefits to EITE sectors as these sectors are less labor intensive than manufacturing, on average, and payroll tax reductions are disbursed widely through the economy rather than targeting manufacturing in general and EITE sectors in particular. Finally, using some carbon tax revenue to finance investment incentives, such as an ITC, is attractive in the sense that it could encourage a more rapid transition to newer, more energy-efficient capital in manufacturing sectors in general. It also provides disproportionate benefits to EITE sectors. It does not provide targeted compensation to labor or to owners of old capital, however, which might limit its ability to blunt calls for EITE sector-specific compensation.
Economic theory predicts a substantial cost to diverting carbon tax revenue toward compensation of specific sectors. Theory also suggests that one should treat policy risk no differently from other risks firms face as they do business. But politics may dictate otherwise.
And, if so, the analysis here suggests that certain approaches may work better than others to ensure that relief is appropriately targeted at minimal cost.
Appendix. Updating Sector Emissions
Sector-specific emissions for direct emissions (fuel consumption) and indirect emissions 
) .
The first term scales sectoral direct emissions based on the change in the value of shipments over time. The second term adjusts emissions in each sector so that aggregate emissions sum to the same share of total industrial emissions as they do in 2007.
A similar calculation can be made for indirect emissions from offsite electricity generation for manufacturing. Data for the analysis is given in Table A1 below. 
